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GUIDED PROJECTILE 

TOe invention relates to a gnided project for example a spin stabitised 

nrniectile such as an artillery shell. 

Indy— csof a spinhmg projectile are generally well Known and are 

, n.e 'Tie Aerodynamics of a Spinning Shell", Fowler, 
summarised in, for example, TheAeroaynam / 

PUtosophiealTransaotions oftheRoyal Society (London) (A) Volume 221, 

2^387 ThesedynamicswaibeweUlmowntomesldUedpersonand 
X— ^ — Ho^foreeseofreference, 

10 asshowninFig. 1. deforces can effectively be divided !»«, mass forces 

of .he wind force which is usuaUy forward of me centre of gravty (although 
this is dependent on flow conditions). 

Tto principal mass force is the gravitational tee winch acts on tite 

cenhe of gravity 12 downwardly as shown by arrow A giving rise to the 
^pLoUcmotionofmeprojectilelOmmgh,, Fortite^ofanon^ 

I^re^dmgeomponentofair — and the cros,wm force. 
T* cross-wind force arises because of the yaw of the project. 

nroieetileisatanangleati.thedirectionmwhichfltecentteofgravtty^s 
rlla.dperpenmcmaru.medhectionofmotionvofmeprotectfle. As 
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the centre of pressure 14 is forward of the centre of gravity, this gives rise to a 
momenttendingto increase the yaw angle a. The initial yaw is imparted as the 
projectile leaves a firing barrel resulting from turbulent effects and is currently 

unavoidable in existing systems. 

The projectile 10 is stabilised by spin about its longitudinal axis B. This 
spin is imparted by rifling in the firing barrel, that is a spiral groove of 
predetermined pitch cutinto the barrel. In the embodiment shown the spinis 
denoted by arrow D in a clockwise direction viewed from behind. Becauseof 
the spin, a further aerodynamic force is introduced, the "Magnus force". As is 
well known, the spin of the projectile couples with the cross-wind component of 
drag as discussed above such that the air velocity transverse to the projectile 
direction above and below the projectile are asymmetric. As a result the air 
velocity is higher and hence the pressure lower below the projectile. This gives 
rise to a downward force on the projectile denoted by arrow E which applies at 
a centre of pressure of the Magnus force 16 generally located behind the centre 
of gravity 12. The resulting moment about the centre of gravity 12 urges the 

bullet to pivot upwardly. 

However the spin D of the projectile introduces a further gyroscopic 
effect. Following the well known precessing effect, the direction of precession 
is perpendicular to both the moment imparted by the Magnus force Band the 
axis of spin B and, in the case of the direction of spin D shown, tends to act in a 
direction to decrease the yaw angle a as shown by direction arrow F . In 
addition, because of the interaction of the spin of the projectile 10 with the 
moment caused by the cross-wind force C, a perpendicular moment is imparted 
on the projectile urging the tip to pivot upwardly relative to the centre of 
gravity. It will be appreciated that these various forces and moments interact 
and vary continuously as the longitudinal axis of the projectile varies its 
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direction. TheMagnus force effect however provides an overriding stabilising 
6ctor, and the departure of the projectile from its theoretical trajectory is 
termed "drift". 

These various effects are well known and the resulting behaviour of a 
projectile has been studied closely both empirically and theoretically. In 
prectice.however.i.isnecessaryteusecomplextables.algoritos or computer 

programs to predict the exact trajectory of a projectile and even men additional 
forces such as cross-winds (which are not token into effect in the force diagram 
ofFig. 1 and should not be confused with the cross-wind component of drag) 
are also important factors. Accordingly a system is required for guiding 
projectiles. 

Various known systems have been proposed. Generally these compnse 
systems where the surface geometry of the projectile is varied during flight, for 
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systems wncre mo auixavv , * 

example by angling fins and so forth, or where additional thrusts are provrded 
on the projectile and fired as appropriate to adjust its direction of flight 

For example in US 4,013,245, in an optically guided projectile, a steermg 

from the target. In US 4,193,567 aprojectile includes a sidewardly directed jet 
ductprovidingasidewardsguideforce. US 4,566,656 discloses a projectile 
includmgarodextendingfromthe rear of theprojectile which is reflected to 
alter the trajectory of the projectile dependent on received driving s.gnals. 

However known systems, in particular those including projectmg parts, 
can be unsuitable for shells fired from barrels which preferably have general 
surfaceintegrityandaprofile adapted to be fired from a cylindrical barrel 

The invention is set out in the appended claims, me Invention provrdes 
a system in which the shell is guided dependent on internal actuation such that 
me surface integrity of the projectile need not be altered in any way, simphfymg 
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production and loading, and improving efficiency and accuracy. In particuta 

centre of gravity as a result of which the interaction between the centre of 
gravity and the centres of pressure can be controlled so as to control the 
5 trajectory of the projectile. 

An embodiment of the invention will be described, by way of example, 

with reference to the drawings of Which: 

Fig. 1 shows the basic dynamics of a spin stabilised projectile; 
Fig. 2 shows a guided projectile trajectory according to the present 

10 invention; 

Fig. 3a is a cut-away view of aprojectile having an internally movable 



20 



mass; 



Fig. 3b is a cut-away view of a projectile having an internally movable 



spinning mass; . 
15 Fig. 4 is a block diagram of a guidance system housed within the 

projectile; and 

Fig. 5 is a perspective view of a projectile having an adjustable drag 
member. 



Referring to Fig. 2 a general overview of the system can be seen. The 
projectile 10 is shown in various positions in flight between a firing barrel 20 
and a target 24. A GPS (Global Positioning System) satellite or other 

for example, a comparison with its desired trajectory to arrive at the target 24. 
There-positiotunginformationcanbeprovidedcontinuously, intermittently, or 
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in a single correction at one point in the projectile trajectory; As a result a 
closed loop system is provided such that continual correction of the projectile 
trajectory is achieved taking into account, for example, differing cross-winds 
Gl G 2 G 3 at different altitudes or positions on the trajectory. 
5 > ' Physical correction of the trajectory is shown with reference to Fig. 3a. 
The projectile 10 includes a mass 30 reciprocably mounted on a track 32. 
Movement of the mass along die *ack will alter the position of the centre of 
gravity 12 of me shell. Control ofthe movement is carried out by a motor 
mounted, for example, within the mass (and comprising a component ofthe 
10 m ass)undercontrolofa^^ 
the external guidance system 26. 

Revetting back to Fig. 1 it will be recalled that the various forces on the 
spinningprojectilelOaregovernedprmcipaUy by various moments relative to 

the centre of gravity 12 and in particular the cross-wind force C and Magnus 
15 forceEtogethecwiththekinteBctionwimmespmDoftheprojectilelO. Asa 

result movement ofthe cemre ofthe gravity forwardly or rearwardly will affect, 
inter alia, the yaw ofthe projectile which in turn will give rise to controllable 

corrections in the trajectory. 

For example moving the centre of gravity rearwardly towards the centre 
20 of pressure ofthe Magnus force 16 will decrease the moment in the 

perpendicular plane and hence decrease the restoring force F against the 
direction ofyaw «. Movement of the centre of gravity forwardly will have me 
opposite effect. 

Similarly, movement of the centre of gravity forwardly towards me 
25 centre of pressure 14 ofthe cross-wind force will decrease the moment in the 
horizontal plane and hence the moment in me upwards direction and hence dnft 
upwards, and movement away from the centre of pressure of cross-wind force 
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will have the converse effect. 

KwillbenotedthattheMagnusforceana^-windforceshave 

5 allow a desired force ratio. 

Referring to Fig. 3b an alternative manner of trajectory eontrol . shorn 

canb ednv e »ineitirerdireetion«,ro«eti 1 e W eight34. Asaresultthe 

Theweight34 cm inadd i tionbenrovab 1 einaradia.di re etiona 1 on g asha ft 38 

aaowingcorrfinedconttolofflreamonntofspmincre^OTre^In 

^ativeenrbotiimen^norsho^tinespineanbevarietibyeffeeuveiy 

dtetingtire moment of inertia of tire nrojeetiie 10 by moving oneor more 

^a^nndermeeon.rniofaeti^m.mavanan.onmrs.a.oneway 
^.LLdbem^uceamwhicbamassismoun.edeioaerotireax.sofspm 

okeprojecaeandsUdabler^y.Iftt^^^^^; 
e^reieasetionti^maasaUowingittostideor^dsonme—, 

2 „ forcealone. This removes the tenement for additional actoator but tednces 
lamountofspmeonteoUvaaab.e. In ye. a forth* alternative, a floating mass 
is prov ided on bearings re.ative to me projectile easing. As aresul. when spm 

^ rote tionahy attest onneariy attest. A clutch mechanism can be 
25 employedtoengagememasswiOrtheeasingmretardthespn, 

Controloftireprojeetileu„dertheseheme S howninF.g.3b W onldbe 

e^valem to ^ in me arrangement shown in Fig. 3a. The spin is simply 
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asitaffLboth.heMa^foroeand^gyrosoopiceffeCs.Acocrdu.gly 

and this can be based on —us calculations or looU-up tables or any 
5 omaappropriafemechanism. Itw Ul be appreciated that ^projectle may 

. with the corresponding combined effect 

Refer ri ngnow«»Fig.4,theb«cb 1 ock S of«heprojectilegu l dance 

10 syst e m 40 W idnnd l eprojec»learesho W n. Central, othesystem is the gutdance 

15 Lolmodulesend S cnn tt olins« ra c ti ons tt a.ac« 1 a.orcon B olmodn.e 46 

^chm.umvanesmcmasadisnrbrtionwinrinAeprojec.Ue so aa«o alter the 

cenlre of gravity as discussed above. 

ulbenofedWtecontrolcanbecamedo^mvariouamanners in 

tfce system shown, the tiajectory of the sheMarge. location is programmed ntto 

position da* is gathered using a GPS safelhte 26 which communtcates wtth 
oon m umcutionmod»le44.Themassdistilbutionofd.eproiectile,sm« 

desiretitrajectoryproffammeJattheguidancecontrolmodule. 
M neamountofadjusnnentretpuredtocorrectthetiujectoryoffte 

ptojectile can be calculated tastantane^ly dependent on instantaneous 
palefcrs of the projectile such as spin and velocity which can be measured 
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insWaneously by the guidance control module in conjunction with the GPS 
systemasappropriate.Altemativeiy.adesi^adjusnnentvaluecan^ 

coated withaprcdetennmedcentreof gravity from a iook-up table and the 
.naas disttibution varied accordingly. Alternatively, or in addition, tire closed 
5 loopsystemmcludrngfteGPSfeedbackcanbeuaedforinatan^neoua 

corrected, and over correction automatically compensated upon detect™ from 

the GPS feedback. 

Aa an alternative to continuous cordrol and adjustment of the trajectory, 

the system can allow intermittent adjustment, for example at predetermrned 
toe interval during the trajectory. Alternatively still, in a simpler verston,* 
single controlWcanbecarriedout at onepoint during the trajectory. For 

and any deviations from the desired trajectory (or any other adjustment of the 
« tajeoto^acMevedbycalcul^gasinglecor^positionformecen^of 

Le, the greater adjustment will result over the course of the whole trajectory, 
as the adjustment is effectively integrated over time. However it is equally 
possible to cany out a single correction later in tire trajectory which allows 
20 greatoraccuracybutasmalleradjustmentrange. 

The target position can be programmed either prior to launch, at launch 
or during flight. As a result the burden on the guidance control module 42 may 
he lessened in favour of an external guidance control which simply sends 
adjustment commands to the shell to vary the trajectory. The range ofvanation 
25 of trajectory of the system is limited by the range of motion of the centre of 
' gravity artd the resultant forces that movement gives rise to, and in particular 
any instability inthe projectile that may be introducedby over-adjuatment of 
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the eentieof gravity. However ^^ose^—d^^e of 
flight of the projectile, in addition to target data being entered dunng ft* a 
movingtargetmay betracked by the system. 

The method of interfacing with the shell guidance system may be 

inductive or capadtative coupling. In addition it wiU be seen mat the system 
doesnotnecessaruyrelyonaGPSsyston, Aitemativeiymesheflcouidbe 
laser guided or include radar detection capability for identifying the posttion of 

10 accordingly, extrapolating dam flom successive positional readings re.at.ve ,o 

the target. , . 

ItwiUbe appreciated thatthe moving mass system shownmF.g. 3 .sone 

^demamterofacmevrngmassdistributionvariationandhenccvarymg^ 
centre of gravity. The mass may be moved by .otary to linear acmauon, taear 

sources. Ttemassitselfisofcourseanadditionalloadonmesheflbutcan 
include much of the drive system, power and control systems such that as much 
of me excess mass as possible is taken up by me guidance system itself. U 
addition although a single mass is shown moving in a single dimension, the 

can involve multiple masses or a fluid mass moving independently in multiple 
dimensions. 

It will be noted in the discussion above that the principal trajectory 
pammetermmcanbeadjus.etiismelatem.displacemem-tiremngew.llto 

25 Lge extent be unaflecmd ahhough variations in the inOination of me projectde 
n.avbensedtoa.imitetiextenttovarytheprofi.eofthetajeetorypambo.a 

.hich wUlhavesomeeffeotonthe range. In a preferred embodunen. shown m 
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shorn the drag ^* to increase or decrease the tog- As a 

M T Adi— ofdredrag — 
5 ^gnse.oy.^^jus^tof^een.reofmass.d.e 

affects toe surface mtegnty P J yreduce d effect on the 

trajectory control is nonetheless achteved ™th a greatly 

^ of .he centre of g^ty, m«r^on ^ ^ 

Magnnsandcross-windforcecen^c £~ wholevaiy wMl the 

20 p^ethemselvesastheparamefers fthe^ 

m< Mng centre of graviry, interact of ^ ^ 
, <hrih These calculations can be earned out either insrani 

. A « a result the system provides an improvement ove 
vanes. Asa resuiimc^ r «„ c or iets to change the 
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severely r.tric.ed in any evemaadtotepresent case canberemoved 
atog^Asa^taprojeetaeisguideawithontanye^malmeehamsm 

te providing no restriction on it being fired from a barrel. 
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, AspmstabUisedguidedHeotilecompmingaprojectilebodya 

distribution to adjust the projectile trajectory. 

2 Apoje^eascl^inolaimlinwluchttemassdistributionis 

varied to adjust the centre of gravity of the projectile. 



3 A p r ojectUeasclaimedmclahnlorclaim2in W hichthemass 
distribution is variedto adjustthe nue of spin of the projecttle. 

15 ^indudesaniasstu.dana^con^edbyn.econ^eru.nioveme 
mass. 

to linear actuator, a linear actuator or a cable system. 
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6 . Ap ^«d^bcto4«5ta^ito^«-« rf 
electric, pneumatic or hydraulic power sources. 

7 . Aprojectileasclaimedmanyprecedmgclaim^ 
member adjustable to vary the projectile drag. 

g. A projectile as claimed in any preceding claim in which the controller 
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adjusts the projectile trajectory based on GPS data. 

9 A projectile guidance system for a spin stabilised projectile including a 
projectile having a variable mass distribution and an external guidance data 

5 transmitter, mwmch^ 

datato the projectile, andme mass distribution of^e projectile varies based on 

the data received. 

10. A system as claimed in claim 9 in which the mass distribution of the 
10 projectile is varied continuously. 

1 1 . A system as claimed in claim 9 in which the mass distribution of the 
projectile is varied intermittently. 

15 12. A system as claimed mcla^^ 
projectile is varied in a single correction. 

is. K ^*^*m«^9*u*^** B * B * s **" 

claimed in any of claims 1 to 8. 

20 

14. A mass distribution apparatus for a spin stabilised guided projectile 
comprising an actuator and a mass movable by the actuator. 

15. AnapparatusasclaimedmclaimMmwhichmeactuatorisoneofa 
25 rotary to linear actuator, a linear motor or a cable system. 

i • a i-n „ioim 1 4 or 1 5 in which the actuator uses an 

16. An apparatus as claimed m claim H or id in wmwi u 
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electric, pneumatic or hydraulic power source. 

, • Ai n Q «v of claims 14 to 16 further including a 
17 An apparatus as claimed in any ot claims w 

controller f a m -ntrnl the actuator to vary the mass distribution. 



component. 

19 Amefcodof ^gaspin^^^ 0 ^ 8 ^ 
to adjust the ttajectory based on the data. 

20 A projectile system and metitod as elahned in any preceding claim 
substantially as herein described and as Ulnsttated by fig ares2to5. 
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